This competitive, solid-phase enzymoimmunoassay for testosterone in saliva is carried out on microtiter plates and involves no chromatographicor extraction steps. With an overnightincubationthe detection limit of the assay is 230 fg per well (16.1 pmol/L).There was a good correlation(correlation coefficient0.95) between testosteroneconcentrations measured with and without prior extraction of the saliva samples. Repeated assay of three control saliva samples containinga rangeof testosteroneconcentrations(200-1000 pmoVL)gave within-and between-assaycoefficientsof vanation of 5.5-13.2%. The analyticalprocedureis simple and closely resembles already published procedures for the determinationof progesteroneand estrone (with extraction) in saliva. One person can assay200 samples in 24 h and the assay is suitable for reproductiveand sports medical applications,particularlyfor projectsinvolvingserialsamplingand yielding large numbers of samples.
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Saliva is an attractive alternative to serum for measuring steroid hormones (1-3). It is noninvasive, and samples are easily provided in the patient's home. Salivary testosterone measurements are used to evaluate androgen status in male infertility such as in oligospermic and azoospermic subjects (4), androgemc alopecia (5), prostatic carcinoma (6) , and in psychological test situations (7) . An important advantage of measuring testosterone in saliva is that it correlates significantly with free testosterone in serum in normal and pathological conditions (6,8,9). Most published methods for measuring testosterone in saliva are radioinimunoassays (RIA) and involve extraction with an organic solvent (3) (4) (5) , although at least one direct RIA for salivary testosterone has been described (6) . An enzymoimmunoassay (EIA) for salivary testosterone has been developed, but the procedure included an extraction step (10).
The determination of testosterone concentrations in serial saliva samples is suitable for reproductive and sports medical investigations, particularly where sampling can conveniently be performed only by the subject. The analysis of samples without extraction is appropriate when a large throughput of samples is required. Here we describe a direct EIA for testosterone in male saliva carried out on microtiter plates, and we describe its validation and clinical application. 
Materials and Methods

Subjectsand Sample Collection
Sixty-five healthy male volunteers, ages 15-48 years, had fasted for at least 1 h before giving 2-5 mL of saliva (unstimulated) in 5-mL polystyrene test-tubes, which were then stored at -20 #{176}C until thawed for treatment and assay. No preliminary rinsing of the mouth was stipulated.
Reagents
Coating buffer was NaHCO3/Na2CO3 (50 mmol/L, pH 9.6). Assay buffer (pH 7.4) contained 100 mmol of Na2HPO4/NaH2PO4, Extraction of saliva: Pipette 0.3 mL of saliva into disposable glass 16 x 100 mm culture tubes and add 1.5 mL of diethyl ether. Shake the contents of the tubes for 5 mm on a multivortex-type mixer (SMI Model 2601). Allow the phases to separate, and transfer 1.0 mL of the solvent to a clean test-tube with a positive-displacement pipette. Evaporate the solvent at 40#{176}C in a stream of air and add 0.2 mL of standard buffer to each tube. To resolubilize the extracted material, vortex-mix as before for 2 miii, incubate at 37 #{176}C for 15 min, and again vortex-mix for 2 mm. Extraction efficiency, determined with tritiated testosterone, is 101% (SD 5.0%). 6, 10, 14 ). An alternative indication of the sensitivity of the assay is given by the EDso, defined as the standard concentration equivalent to a BIB0 value of 0.5, which was 407 pmolIL (5.86 pg/well or 11.7 ngfL) in this assay.
Results
Standard curve:
Specificity: The specificity of the antiserum used in the assay was assessed for a range of steroids related structurally to testosterone, according to the procedure recommended by Abraham (15) . As Table 1 indicates, the crossreactivity of most steroids tested was negligible except for 5a-dihydrotestosterone, which had a cross-reaction of 3 1.4%. This interference was not considered very important, however, because the concentration of 5a-dihydrotestosterone in saliva or plasma from males is one tenth that of testosterone (16, 17). As a further check on specificity, we serially diluted six samples of saliva, from males, with testosterone concentrations ranging from 375 to 830 pmolJL, then assayed. Regression analysis of the observed vs the expected values yielded a correlation coefficient >0.993 in all cases. Thus, the amount of testosterone detected was independent of the volume of saliva assayed over the range examined (10-50 4). Analytical recovery: The ability of the assay to accurately quanti1r testosterone in saliva samples was also tested by determining the concentration of testosterone in three saliva samples containing different endogenous concentrations of testosterone (102,441, and 552 pmol/L), to portions of each of which 217,433, and 693 pmol of testosterone was added per liter. The mean analytical recovery from these salivary samples was 89.3% (SD 5.7%, range 82.4%-99.4%, n = 9).
Correlation with and without extraction: To determine whether an organic solvent extraction step was necessary, we assayed 32 different saliva samples with and without prior extraction with diethyl ether. Regression analysis of the results (Figure 2) yielded a line with a slope of 0.91, a  y-intercept of -8.2 pmol/L, and a correlation coefficient of  0. 95. This indicated that a direct nonextraction assay of testosterone in male saliva was feasible.
Precision: Repeated assay in one run of three control saliva samples, containing different testosterone concentrations, yielded the intra-assay CVs listed in Table 2 . The interassay CVs were determined by including in duplicate, three more control samples in 16 or 23 routine assay runs. The variation in every instance was <14% (Table 2) .
Clinical applications: Salivary testosterone concentrations, in males, determined by our direct EIA for specimenr selected without conscious bias, ranged from 100 to 680 pmol/L (mean = 291 pmol/L, n = 65), which are similar to published values (18). In addition, because salivary testosterone concentrations show circadian variation (18), we obtained samples from three volunteers regularly throughout the day and measured testosterone concentrations. A broadly similar pattern was observed in all cases ( Figure  3) , with the testosterone concentrations being greatest in each subject on waking and decreasing within 2-4 h.
Discussion
This EIA for salivary testosterone is convenient and has a relatively high throughput compared with other published immunoassays (6,10).
The peroxidase-testosterone conjugate is stable, more convenient than an 'I label, and there are no problems with disposal of radioactive waste. Another advantage of this assay is its ability to measure . 3 . ConcentratIons of salivary testosteronethroughout the day in three normal male subjects testosterone in saliva samples without prior extraction with organic solvent. The use of a microtiter plate, solidphase system dispenses with the need for centrifugation steps and greatly facilitates the determination of the endpoints. Consequently, one person can assay 200 samples in 24 h, including the overnight (16-20 h) incubation.
The detection limit of the assay (230 fg/well) is much lower than that of a published direct RIA for salivary testosterone (1.15 pg/tube) (6) and the accuracy and precision of the assay compares favorably with published methods (6,10). Values for male salivary testosterone measured with this assay are similar to published results obtained by RIA and ELA (3, 6, 10) . Likewise, patterns of diurnal variation for salivary testosterone were similar to published results (3, 18).
Many studies have shown an excellent correlation between concentrations of salivary testosterone and of total testosterone in serum (3,6,9), supporting the replacement of assays of serum testosterone by salivary testosterone analysis. However, the correlations may be influenced by certain pathological conditions or by medication Most of the testosterone in blood is protein-bound, either to sex-hormone-binding globulin or to albumin (17) , whereas salivary testosterone is believed to reflect more closely the unbound testosterone fraction in plasma (9, 19). However, in one study (21) the actual testosterone concentration in saliva exceeded the concentration of free testosterone in plasma: 2% and 0.6% of total plasma values, respectively. The presence of low concentrations of the binding globulin
